The current outbreak of Zika virus poses a threat of unknown magnitude to human health 1 . While 24 the range of the virus has been cataloged growing slowly over the last 50 years, the recent 25 explosive expansion in the Americas indicates that the full potential distribution of Zika remains 26 uncertain 2-4 . Moreover, most current epidemiology relies on its similarities to dengue fever, a 27 phylogenetically closely related disease of unknown similarity in spatial range or ecological 28 niche 5,6 . Here we compile the first spatially explicit global occurrence dataset from Zika viral 29 surveillance and serological surveys, and construct ecological niche models to test basic 30 hypotheses about its spread and potential establishment. The hypothesis that the outbreak of 31 cases in Mexico and North America are anomalous and outside the ecological niche of the 32 disease, and may be linked to El Nino or similar climatic events, remains plausible at this time 7 .
We present three competing hypotheses that describe the path of expansion that Zika could take, 71 based on evaluations of the ecological niche of the virus within and outside of its vectors. If the 72 Zika niche is indistinguishable from that of its Aedes vectors (as is essentially the case for 73 dengue fever 14 ), future range expansions should match mosquito ranges. On the other hand, if 74 Zika has a transmission niche that is constrained by climatic factors within the ranges of its 75 mosquito vectors, its range may be much more limited-with, as we show below, possible 76 confinement to the tropics. In this case, the expansion of Zika into North America represents one 77 of two hypothesized processes: a steady range expansion driven by climatic shifts, or an 78 anomalous event driven by human dispersal or extreme weather events. To test these hypotheses, 79 we present the first spatially explicit database of Zika occurrences from the literature and an 80 ecological niche model 15 using that data to map the potential distribution of the virus.
82
Our dataset includes 64 of the known occurrences of the disease -a combination of clinical 83 cases and seropositivity surveys in humans and mosquitoes. Of these, 60 points from outside the 84 current outbreak are used in our model to determine the expected distribution in the Americas 85 based on the niche in areas where the virus is established (rather than potentially transient). 86 Spanning seven decades, these data have not previously been compiled nor explicitly geo-87 referenced, and emergency modeling efforts for diseases of special concern often work from 88 limited data. Previously published sensitivity analyses unequivocally suggest that accuracy of the 89 modeling methods we employ plateaus at or near 50 points, justifying the use of a dataset of this 90 size [16] [17] [18] . Ensemble modeling also vastly improves the predictive power with datasets of this sort 91 (Extended Data Fig. 1-5) , and reduces the associated error. Our final model combines seven 92 methods with a variable set chosen from bioclimatic variables and a vegetation index to 93 minimize predictor covariance. The ensemble model performs very well (AUC = 0.993; Fig. 1 Moreover, we note that visual presentation of cases at the country level may make the range of 100 the virus appear far larger than our models suggest (see Fig. 1 ). Projecting niche models to the 101 year 2050 suggests that expansion of Zika's niche outside the tropics is an unlikely scenario, 102 independent of vector availability (Fig. 2d ). However, significant westward expansion in South 103 America and eastward expansion in Africa implies that Zika may continue to emerge in the 104 tropics.
106
Given the public health crisis posed by Zika, and the potential costs associated with 107 underpredicting the extent of the current outbreak, we pay special attention to evaluating the 108 sensitivity of our models to variations in our preliminary dataset. Geographical data on cases in 109 the Americas are lacking, and the routes and drivers of transmission involved in that outbreak are 110 uncertain, preventing cross validation of models of the current outbreak with our Old World 111 model. But, in light evidence that African and Asian strains of the virus may be ecologically 112 distinct, we present models trained on each continent and projected globally, as a basic 113 sensitivity analysis (Extended Data Fig. 7 ). The two models cross-validate poorly; driven by both 114 the 50% reduction in sample size and the higher degree of aggregation of Asian occurrences, the for the potential full distribution of ZIKV in the Americas, presenting findings in terms of 123 potential seasonal vs. full-year transmission zones. While that approach has been effectively 124 validated for dengue transmission in mosquitoes, using a model of one disease to represent the 125 potential distribution of another emerging pathogen is only a placeholder, and is particularly 126 concerning given the lack of evidence in our models that ZIKV and dengue have a similar niche 127 breadth 20 . To evaluate the similarity of Zika and dengue, we built another niche model using the Fig. 6 ). While the two occupy a similar region of global climate space, Zika is more strictly 131 tropical than dengue, occupying regions with higher diurnal temperature fluctuations and 132 seasonality of precipitation ( Fig. 2a ). Moreover, our future projections for dengue (which 133 strongly agree with previously published ones 22 ) show an expansion out of the tropics that is not 134 shared with Zika ( Fig. 2, 3) . These results call into question the applicability of dengue niche 135 models used to project a significant future range for Zika in North America 6 .
137
Given the ecological nonequivalence of Zika and dengue, and the occurrence of Zika cases 138 outside our predicted suitable range for the virus, the 2016 Zika outbreak may be in ephemeral 139 rather than stable parts of the Zika transmission niche due to anomalous climatic conditions. While the potential for rare, weather-driven outbreaks should not be overlooked, our models 155 imply that it is premature to expect Zika naturalization as an eventuality in North America.
156
Without more definitive information on the basic biology of Zika, however, the confidence with 157 which niche models can forecast pandemics is limited. In particular, we draw attention to recent 158 evidence suggesting Zika persistence may depend on wildlife reservoirs in addition to human 159 hosts and mosquitoes. Primates have been suggested as the primary candidate clade, because the the overall confusion surrounding its basic biology and transmission modes, we caution that its 184 potential for a sexually-transmitted global pandemic cannot be overlooked in the coming months. Burgio for extensive methodological support, training and mentorship. We also thank two 194 anonymous reviewers for their aid in strengthening the manuscript. Table S1 . Reprints and permissions information is 202 available at www.nature.com/reprints. The authors declare no competing financial interests.
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Occurrence data for the other species included in our study were compiled from the literature.
279
For Aedes africanus, we used a dataset of 99 points downloaded from the Global Biodiversity To address colinearity in the environmental variable set, we produced a correlation matrix for 310 our 20 variables, and identified each pair with a correlation coefficient > 0.8. For each species, we ran a single ensemble model with all ten methods and averaged the variable importance for 312 our 20 predictors across the methods (See Table S2 -S6). In each pair we identified the variable 313 with the greater contribution, and we produced species-specific reduced variable sets used in the 314 final published models by eliminating any covariates that universally performed poorer than their 315 pairmate. Based in this criteria, we excluded the following variables for each species to reduce 316 colinearity: 
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